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<EPA Superfund

Ground Water Issue

Ground Water Sampling for Metais Analyses

Robert W. Puls and Michae! J. Barcelona

The Regional Superund Ground Water Forum is a group of
ground-waier scentsts, representing EPA's Regional Superfund
Oftices. organized 1o exchange up-10-cate information reiated
10 ground-water remedgiation at Superfund sites.

Filtration of ground-water sampies for metais analysis s an
issue Centified by the Forum as a concern of Supertund
decision-makers. Inconsistency in EPA Superfung cleanup
practices occurs where one EPA Region impierents a remedial
action based on unfitered ground-waier sampies, while another
Regicn may consider a similar shte to be clean based on fikered
ground-water samples. RSKERL-Ads and EMSLL2s Vegas
have convensd a technical commities of experts in the areas of
prounc-waler geochemistry, INCIgANIC chemistry, colioidal tranepon
and ground-water sampiing lachnology to examine this issue
and provide lechnical guicance based on cumrent scientific
information.

Members of the commities were Robert W. Puls, Bent E.
Blecsoe and Don A. Clark of RSKERL, Michae! J. Barceiona,
lincis State Water Survey; Phillip M. Gechwend, Massachusetts
instiiute of Technoiogy; Terry F. Rees, USGS-Denver, John W.
Hess. Desert Research institute (EMSL-LV); and Nicholous T.
Loux, ERL-Athens.

This document was writien by Robent W. Puls and Michael J.
Barceiona and edited by all members of the commitiee.

For turther information contact Robert Puls, RSKERL-Ada, FTS
743-2262; Bert Bledsoe, RSKERL-Ads, FTS 743-2324; Jane
Denne, EMSL-LYV, FTS 545-2858.

The findings and ressvenBNGENTS o Me cofirnitiss were that
use of a2 0.45 micron® Ter was not usefll, appropramp of

reproduchi® in providing information on metals mobillty in
Qround-waler Syslems, Nor was it appropriate for getermination
of truly “dissolved” constiluents n ground water. A dual
Sampiing approach was rRComMMenced, with collection of both
fMered and unfilared sampiss. ! the purpose of the sampiing
# 10 determine possbie Mobils COMATINAN species. the Uilemd
sampies should be given priorty. This means that added
omphasis is placed on appropriate well congtruction methocs,
materials andgrounc-walter sampling procedures. For somirate
estirmations of Wuly “dissoived” SpeCies concentrations, filtration
wilhrw nominel pore size smaller than 0.45 microns was
recommended. It was further conciuded that fiftration couid not
COMpensale 107 INGCEQUELS CONSTUCTION OF SAMPINg procedures.

Background/Support information

Fikration of ground-watsr sampies for metal analyses will not
provide accurate inforrnation conceming the mobdiiity of metal
contaminants. This is DecCause some Mobile $peCIes are ikely
10 be removed Dy filtration befors chemicai analysis. Metai
contaminants may move through fractured and porous media
not only as Giesoived $peces, but aiso as precpiated phases.
PCIYMBriC SPOCINs OF 8U8OIDEd 10 INCIGaANC Or Oganic pancies
ol colioidal dimensions. Colicids are generally considersd as
particies with diameters isss than 10 mcrons (Stumm and
Morgan, 1981). Numerous investigators have suggested the
facitated transpon of contaminants in association with mobile
colicidai panticies. Kim et al. (1984) suggested that sorption 1o
ground-water colloidai material causedthe mobilization ol some
ragionuciides in Gorieben ground waters. Safttell et al. (1984)
studied americium percolation in giauconric sand coiumns and
artnbuted the unretained Iractions 10 Mgrating coiloICai SpeCies.

* Micron = um = 10 meter
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These colioids were either homogeneous hydrous preciprates,
or were formed from the adsorption of the ragionuclide onto
colloidal size mineral particies. Colloidal particles generated in
batch experiments by Sheppard et al. (1979) were shown 1o
adsorb significant quantities of radionuclides. Further work by
Sheppard et al (1980) conciudad that the transport of radionuciides
by colioidaiclay particies must be considered in any contaminant
transport model. Champiin and Eichholz (1968) showed that
the movemnent of radioactive sodium and ruthenium in sand
beds was associated with particulate matter of micron dimensions.
Gschwend and Reynolds (1987) demonstrated that submicron
ferrous phosphate colloids were suspended and presumably
mobile in a sand and gravel aquifer.

Studies by Yao et al. (1871) and O'Metla (1980) indicate that
colloical particles in the range 0.1 to 1.0 micron may be most
mobile in a sandy, porous medium. Kovenya et al (1972)
concluded that particies in the range 0.1 10 0.5 mm wers most
mobile in soll column studies. As much as 200 ppb copper, lead
and cadmium was found associated with colloidal material in
size range 0.015-0.450 mm by Tlliekeratne et al. (1986). Rapid
transport of piutonium (Pu) in core column studies by Champ et
al. (1982) was attributed to colioidal transport, with 48% of the
Pu associated with colioids in the size range 0.003-0.050 mm
and 23% in the range 0.050-0.450 mm. Reynoids (1985) using
carboxylated polystyrene beads ranging from 0.10 to 0.91 mm
in size, recovered 45% of the 0.91 mm size beads, and greater
than 70% of 0.10 and 0.28 mm size beads in laboratory sand
column effluents. .

Lake and estuarine studies by Baker et al. (1988) and Means
and Wijayaratne (1982) demonstrated the importance of natural
colloidal material in the transport of hydrophobic contaminants.
Carter and Suftet (1982) found that a significant fraction of
“dissoived"DOT in surface waters was bound to cotioidal humic
material. Takayanagi and Wong (1984) found over 70% of the
total inorganic colioidal particies.

Anaiytical methods used to destermine ‘dissoived” metal
concentrations have historically used 0.45 micron filters to
separate dissoived and particulate phases. If the purpose of
such determinations is an evaiuation of “mobile” species in
solution, significant underestimations of mobility may resuft,
due to colioidal associations. On the ather hand, if the purpose
of such filtration is 10 determine truly dissolved aqueous species,
the passage of colioidal material leas than 0.45 microns in size
may result in the overestimation of dissoived concentrations
(Bergseth, 1983; Kim et al. 1984; Wagemann and Brunskill,
1975). Kennedy et al. (1974) found errors of an order of
magnitude or more in the determination of dissoived concentrations
of aluminum, iron, manganese and titanium using 0.45 micron
fitration. Sources of efror were atiributed to filter passage of
fine-grained clay particies. Additionally, fitration of anoxic
pround-water samples is very difficut without iron oxidation and
colloid forration, causing a removai of previousiy dissolved
species 10 be filtered. Filter loading and clogging of pores with
fine partic.es may also occur, reducing the nominal size
{Danieisson, 1981). Filtration shouid be viewsad as only one
approach for determining the “true” solution geochemisiry of
ground water, and others shouid be applied whenever possible.

Purpose of Sampling

It is impontant to identify the purpose of ground-water sampling
before decisions regarding filtration, centrifugation or other

phase separation techniques are mage. is 1:0 determine the
mobiity of contaminants or t0 getermine in siu agueou:
geochemistry? The foliowing definitions are aiso usetful lor
consideration of this issue:

(1) Total Contaminant Load Per Unit Volume of
Aquifer = Mobile + immobiie Species.

(2) Mobile Species = Dissoived ~ Suspended
Species.

(3) Dissotved = Free lons « [norganic Complexes
+ Low Moiecuiar Weight Organic Complexes.

(4) Suspended = Adsorbed + Precioitated +
Polymernic + High Molecular We:ght Organic
Complexes.

For an assessment of mobilty, all mobile species must be
considered, including suspended particles acting as adsorbents
for contaminants. While not all suspended species may necessarily
be sufficiently mobile or toxicto pose a health risk, aconservative
approach Is proposed at this time until more definitive data are
available. Contaminant transport models which account for an
additional aqueous mobile colioidal phase have besn proposed
by Avogadro and DeMarsily (1984) and Enfield and Bengsston
(1988).

A principle objective in a sampiing effort for testing a geochemical
spaciation model is 1o obtain estimates of the free ion activities
of the major and trace elements of interest. Since there are
relatively few easily performed analyticai procedures for making
these expernmental estimates, an altemative procedure is to
test the analytically determined dissolved concentrations wit!
modet predictions inciuding both free and compiexed species.
More and more remedial investigations are utilizing such models
to make predictions about contaminant behavior based on
dissoived concentrations. It (s not the purpose of this report to
suggest how to perform these analytical determinations, but as
noted above, the use of a 0.45 micron filter as the operational
definition of “dissoived” may be inappropriate. Analyticai
techniques such as ion selective electrodes, ion exchange and
polarography may be more accurate. Research utilizing these
and other techniques to correlate “dissoived” with filter size is
recommended.

It one adopts the conservative approach with no filtration for
contaminant mobility estimations, increased importance is placed
on proper weit construction, and purging and sampiing procedures
to eliminate or minimize sources of sampling antifacts.

Sources of Sampling Artifacts vs. “real” Ground-
water Environment

The disturbance of the subsurface environment as a resuft of
well construction and sampling procedures presents serious
obstacies to the interpretation of ground-water quality resuits.
Some degree of disturbance of natural conditions s inevitable.
However, the impact of improg. .r well construction and sampling
techniques can permanently bias the usefuiness and integrity of
welis as sampling points. Several aspects of well construction
and sampling procedures must be carefully consideredtc avoic
orrors associated with the introduction of foreign particies erthe
alteration of ambient subsurface conditions which may aftect
natural disscived or suspended matenals.



e Zonst.cton

e JeS G Iring arg sSrsirucien of monierrg weis ~ave
Seen Certt ed s parcuiany mEenant steps in the coliection of
representalive water SReMISTY and Nyaroiogic data. Several
reterences nave emonaszed ‘he mummizanon of doth ihe
Jisturbance ard ‘he ntroduction of foregn matenals (USEPA,
CSWER-3950.1 586, Barceiona, etal., 1983; Barceionaetai.,
*385) because 3t ‘he potential iMpact on water chemistry. The
RCRA Tecnnicai Entorcement Guidance Document (USEPA,
OSWER-9950.1. 1986) suggests that the weil must ailow for
sutfic:ent ground-water flow for sampling, minimize passage of
formation Matenais .N1o 'he well, and exhiba sufficient structural
integrty 1o prevent collapse of the intake structure. Nt shouid be
recognized, however, that the weil must first provide a
representative nygraulic connection (0 the geclogic formation of
nteresl. Without the assurance of this hydraulic integrty, the
water chermistry information cannct de interpreted in reiation 10
the dynamics of the fiow system or the transpor of chemccal
constituents.

More specilic guicance is therefore necessary 10 maimain or
restore the natural hydraulic conductivty of the formation in the
vicinity of the screened portion of monitoring weils through the
driling, canstruction and development The iterature
on water well technology can be mest heiplul in this regard since
minimal disturbances of the subsurface is a8 common goal in
maximzing both the yieid of water supply weils and the
representativeness of water sampies and hydraulic information
from monftoring weiis (Driscoll, 1988).

To insure the long-term integrity of monkaring weils, particularty
with respect to sxciuding ‘oregn particies and permitting the
" passage of mobile (I.e., dssoived and suspended) contaminants,
specific tems which shouki be cbsarved are:

1) {1 no altemative o the use of driiling Muds or fluids exists,
these materiais must be removed from the wel bore and
adiacen formations Dy careful well development (Driscoll, 1988).
This guicance aiso appiies to the removal of the low permeability
“skin” which is caused by abrasion, oxidstion and invasive
muds which may seal the weil bore from the screened Interval
and bias in situ determininations of hydrauiic conductivity (Faust
and Mercer, 1984; Moench and Hsieh, 198S; Faust and Mercer,
1985). Pumping rales during deveioprment should bs documemed
and care shouid be taken not 10 exceed these rates during
purging or sampiing since further development and weil damage
may aggravate suspended particulate and turdidity problems
sven in property designed welle. .

2) The smplacemem of grouts and sedis 0 isoiate the
screened interval must be carelully done. The use of tremie
pipes and trequent checking of the depth of smpiacement of
clay or cement grouts during wel construction are strongly
aNCOUTIQea.

1 8 ais0 imponant 10 e Care 1o folow manulacturers Quicdeines
on the hydration of cement or ¢ CoOment as grouts or
seais. Excess waier aodition and grading of Cament compone™ts
of Matenais due !0 free fal

Waler can
damage the weil's integnty (Evans and Elingson, 1988).

3) Casing and screen materials must De selected 10 rewain
\heir integrty In the subsurface snvironment (i.e., avoid iron,
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o118CIS car D6 Checxed Dy wpeat Jelermi~alcrs of A st.
Tydrauie  cIrductivity over ne Jsefui e of e wel
Redevecoment and "eoiacement 2t e well SHOuC De oNSCeed
T deterorat:on or sgracant cnanges N “ydraung Sonductivty
arecoserved. Ematic water 'evel rsadings and sudden cranges
LAty 9f purging  Dehavior of monitenng weils pner 1o
$aMPING dre warning signs of pCSSIDIA 0SS Of Matenai integrty.

4) Waell design ftundamentais with regard o the selection of
a'fiter pacx and screen size ars among he Most mpaortant
issues in cbtaining representative Nydraulic ana water quaity
information. The exciusion of fines, clays. and sits can dDe
achieved Dy selecting !he grain-size cistndution for he filter
pack by muRiplying the S0-percent retained size of 'he firest
formation sampie by a factor of two (Dnscoll, *986). The fiter
pack matenal shouid be cleaned and washed free of tines 'o
INSUre that extranecus contaminants or paricies are remaoved.
The well screen siot cpenings shouid be chosen to retain 30%
of the filter pack material after develogment. In natural packeg
welis t may be advisabie t0 seiect a sCreen Siot 3128 which will
retain at least 50% of the finest matenal in the screened
interval. Minimi2ing siot screen width however, often leads !0
greater time and energy spent in weil develiopment. The need
to document well dJdevelopment procedures cannot De
oversmphasaed.

Maintenance of the hydraulic performance of monftoring wells
and the connection of wells 10 the zones of greatest hydraulic
conductivity, where contaminant transport is most prodbadie,
shouid take equal importance 10 the coliection of representative
water quaity data.

Purging and Sampling

Water that remains in the weil casing between sampiing periods
s unrepresentative of water in the formation opposte the
screened interval. It must be removed by purging of isolated
{rom the coliected sampie Dy a packer arrangement pnorto the
collection of representative water sampiss. Water level readings
must be made carefully 10 avoid the disturdance of fines or
precipitates which may enter or form in the weil due (o chemical
reactions or microbial processes and accumulate on the interor
walls of the well casing screen or at the dottom of the welil.
Similarty, & is importan 10 purge the stagnant water al liow rates
beiow those used in development 10 avoid further deveiopment,
weil damage or the disturdbance of accumulated corrosion or
reaction progucts in the well. The use of certain sampiing
cevices, particuiany bailers and air-iiit arrangements, shouid be
discouraged in order 10 avod the entrainment of suspenced
materiais which are not representative of mobie chermical
constituents in the ‘ormation of interest.

A note of caution should be voiced 10 encourage repetitive
of monkonng weds prior 10 uOgIng he
of determinations of hydraulic conductivity . water level readings
«nd water quaity gata. The effects of the inevitadie “trauma”
aue 10 drilling, saaiing and development of monitonng weils can
Dias odsarvations of waler chermistry untii the sudbsurface s
aliowed 10 squilibrate sutticiently (Waker, 1583). Estimates of
the time 10 achieve eQuilibration vary substantially, panicularty
when dariling fluids are used in highly permeabdie formations



(Brobst, 1984; Driscoll, 1986); however. pencds of weeks 10
several months may be necessary before even major iomic
constituents of ground water equilibrate o previous levels
(Barcelona, et ai., 1988). '

Recommendations for Sampling

In generai, the zone of interest must be isolated, the sample
pumped slowly to minimize turbidity and sampie coilected in
such manner as 1o eliminate O, and CO, exchange with the
atmosphere. No filtration for mobile metals determination is
recommended. I the unfiltered values exceed maximum
contaminant level concentrations for ground-water quality,
aaditional analyses and re-evaluation of sampling antifacts are
required. 1t shouid be emphasized that extreme differences
between unfiltered and 0.45 mm flitered samples does not
preciuds the use of unfitered data for risk assessment decisions.
Significant particuiate mobility may be occurring at such a site,
and aaditional analyses with other larger {iters (9.9. >0.45 mm)
may be most appropriate given the current size estimates for

upper limits for mobile particies.
i{solation of Sampling Zone

Isolation of the sampling zone is necessary to minimize the
purge volume as well as to minimize air conact. This is
sspecially important since Eh/pH condttions of the formation
waters are notoriously sensitive t0 dissolved gases content.
Inflatable packers can be used to achieve isolation of the

sampling zone.
Pumping for Sample Collection

it is recommended that a positive displacement pump can be
used. Other types of sampie collection (8.g., bailing) may cause
displacement of non-mobile particies or significantly aiterground
water chemistry leading to colioid formation (e.g., vacuum
pumps). Surging must be avoided, and a flow rate as ciose t0
the actual ground-water fiow rate shouid be empioyed.
Acknowiedging that this may be impossibie or impractical in
some instances, a pumping flow rate based on the linear
ground-water flow rate and open screen area is proposed,
where

pumping flow rate ~linear GW flow rate x 2 x screen M. x
well racdiugx 10

While an initial approximation, flow rates around 100 mi/min
have been used 10 successfully sample ground-waters in a
quiescent mode.

Additional research is needsd in this area, particularty with
respect to the appropriateness of this generic equation. An
inexpensive flow-through type cell set-up utilizing this approach
was described by Garske and Schock (1986).

Assessment of Water Constituents While Sampling

Monitoring of the pumped ground water for dissolved oxygen,
temperature, conductivity and pH aids in the interpretation or
establishment of ground-water background quality. Gschwend
ana co-workers (personal communication) have observed that
turtadity diminished dramatically after proionged pumping, changing
similarty, aithough possibly more siowly, than other water quality

parameters (e.g., O,, conductivity). Aninitial estimate proposed
fortime of pumping necessary 10 collect water from a formation
is around two times the time required 10 get plateau varues for
the above parameters.

No Filtration for Mobile Fraction Determination

These sampies intended !0 indicate the mobile substance load
shouid not be fitered. Steps {0 preserve their integnty, such as
acidification, shouid be pertormed as soon as possible.

Filtration for Specific Geochemical Information

Any filtration for estimates of dissolved subsurface species
loads shouid be performed in the fleld with no air contact and
immediate preservation and storage. In-iine pressure filtration
is best with as small afllter pore size as practicaily possibie (e.9..
0.0S, 0.10 micron). Using a smaller pore size filter will require
longer sampie collection time, increasing the need for air exciu-
sion from the sample (Laxen and Chandier, 1982; Holm et al.,
1988). Polycarbonate membrane-type fiters with uniform and
sharp size cutctis are recommended to minimize particle (oad-
ing on the tilter. Although membrane tilters are more prone to
ciogging than fiber-type filters, the uniform pore size, sase of
cleaning, and minimization of adsorptive iosses from the sarmple
tend 10 Improve the precision and accuracy in the analytical
data. Thae filter haider shouid be of material compatibie with the
metais of interest. Hoiders made of steel are subject to
cofrosion and may introduce non-formation metais to sampies.
Large diameter fiter hoiders (6.g., > 47 mm) are recommended
to reduce clogging and pore size reduction and for sase of fiter
pad replacement. The use of disposabie in-line fiters are
suggestad for convenience If of sutficient quality. Prewashing of
filters shouid be routinely performed. Work by Jay (1985) shows
that virtuaily all filters require prewashing 10 avoid sampie
contamination.

Quailty assurance and quality control becomes increasingly
Important when adogting the above recommendations. The use
of fieid blanks and standards fortieid sampling is essential. Fleld
blanks and standards enabie quantitative correction for bias due
to coliection, storage and transport. Analysis of the fiters
themsaeives and their particulate load is suggested as acheck on
mass balance and filtration effects on solid/solution separation
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